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ABSTRACT 

The Characterization by UV spectral methods of the inter- 
action between cyclodextrins and nucleic acid componente 
yieida the following informatlDn, Adenine nucleotides are 
found to interact moat strongly with cycloheptiamyloee, 
presumably by inclusion of the base withla the cyclodfixtrin 
cavity. Factors influencing the Interaction include pH, the 
position of phosphorylation of nucleotldeB, and the degree 
of polyxnerization of olig:onacleotidea. When eaichloro- 
hydrin cro6B*-linked cydoheptaamylofie gel is oaed as a 
stationary pliaee for nucleic acid chroAaiography, adenine- 
containing compounds are retained most strongly. The 
factors affecting complex formation with free cyclo- 
heptaamylose have the same etfects on gel chromatography 
of nucleic acids. It appears that oyolodextrin .itatlonary 
phases are useful for fractionation of nucleic acids and of 
other classes o^ componnds with functional groups which 
can interact with cyclodextrin cavities. 
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INTRODUCTION 



Ab potential compoxienta of polymers or n^aind with specific com- 
pleting aWllty, the cycLodextrlne are IntereBilng candidates. Cyclo- 
dextrbis are cyclic eHl,4-oU^glucopyranoBliias having six or more 
anhydro^ucose residues per molecule. Theeie compounds are uBtural 
products rssultins from the digestion of starch by an amylase ftoxn 
Bacillus majceTana. Their unique cyclic structure endows the cyclo* 
dextrlna with an equally unique physical property, Le. , the al^Uity to 
form Inclusion complexes with a variety of moleculea with functional 
groups fitting into the cyclodaxtHn cavity. This property of cyclo- 
dextrins has been the object ot a laxge numbcir of studies, from which 
Thoma and Stewart [1] hare compiled an extensive review. 

The bincfing of a "substrate" by the eyclodextrin may bring sus- 
ceptible bonds, duch as ester bonds, into pradmity with the hydroxyl 
groups of the cyclodextrin. This may lead to catalysis of the hydroly- 
sis of such bonds, with the kinetics of the pnicess being analogous 
to those of enzyme-catalysed reactions* A number of such enzyme 
analog etodles have been reviewed by Cramer and Hottler [ 2], and 
many of these illnatrate the high degree of siieclficity involved in 
inclusion-complex formation. 

The present investigation on cyclodextrin-'nucleic acid interactions 
is the result of a search for compounds whicti would perturb the UV 
spectrum of specific transfer ribonucleic acid (tRNA) molecules in a 
manner indicative of their secondary structure. Since micletc acid 
ba^ee are about the same size as a number of other compounds which 
form complexes with cyclodextrlns. Interaction was anticipated. 

The basic techmque used to characterize the Interaction was UV 
difference spectroscopy. The following results describe the param- 
eters which affect the interaction of nucleic acids with free cyclo<* 
dextrine in solution [3], It will later be seen that these same param-* 
eters hold for the binding of nucleic acids by cyclodextrlns which are 
immobilized as cross«linked gels. 



EXPCRIMENTAL SECTION 



Difference Spectra 



UV difference spectra were measured in a Gary lb spectrophotom- 
eter tisingthe dual compartment cuvettes deeiigned by Yankeelov [4]. 
Cyclodextrin solutionB were pipetted Into one side of the reference 
and the sample cuvettes^ while nnclelc acid solutiona were placed in 
the remaining sides. In this configuration a tiasellne was determined 
by scanning from 320 to 220 mn. The contents of the sample cuvette 
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were then mixedi and tha scan was repeated t<» determine the differ- 
ence ^ctrum. 

Gel Preparation 

Tbe procedure of Solma and Egli [ 5] was modified tn order to re- 
duce the amovnt of cross-llnUng to tbe minlmuni required for mech- 
BBlcally etable gels. Fifty grama of cyoloheptaamylose was added to 
20 ml water and worked into a smooth paete to which 60 ml of 50% 
(w/v) NaOH coatalnlne 50 mg NaBH, was added, This procedure was 
necessary to prevent Ixsmps from forming. Tble mixture was tben 
blended vigoroualy with $4 ml epichlorohydrln at 50^ . A Vlrtis 
homogenlzer, baving a water-jacketed flask connected to a circulating 
tbermostati wad found to be convenient for this purpoae. Temperature 
control was easential since considerable lieat wiis evolved during gel 
formatlan. Formation of the gel occurred wlthlji 30-45 xnln oC 
epichlorohydrin addition. At this time cooling u*ater wafi circulated 
through the Jacket of the fla^k. The goi washed at least three 
times with acetoRe« followed by water, untU. the pH tA tbe wash was 
8^9. The particle size of gels was reduced to a size suitable Cor 
column chromatography by treatment In a Potter-Elvejefam type 
tissue homogenlzer with a loose-fitting glass pestle. Fines were re* 
moved by settling and decantation. 

Column Chromatography 

Columns were poured under flow and equUlbi^ated with the appropri- 
ate boffer. Gels prepared as sbove occl^)led abnut 5 ml. bed volume/g 
dry geL Chromatographic runs were mada at room temperature 
unless specified otherwise. Column effluents were monitored at 354 nm 
with a UV flow monitor, since all of tlie compouivls used have signifi- 
cant ahsorbances at this wavelength. 



RESULTS AND DISCUSSION 

As with other classes of compounds^ the cyclodextrlns showed a 
great deal of specificity on Interactlou with nucleic acids. When In- 
dividual nucleotides were used a& potential guest molecules with 
cyclohexaamylose or cycloheptaamylossy no IntcTadloD wafl foimd 
with the former compound. Examination of acciirate space-fUllng 
models (Corey-Paullng-Koltun) Indicated that tlie cyclohexaamylose 
cavity was too small to allow entry of any bases of these nucleotides. 

With cycloheptaamylose; not only the nature of the base but the 
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posiUoa of the phosphate group in the nodeotide w(vr« found to in- 
fluence the liitera<;tiott. This ie Illustrated in Fig. U which shows the 
difference spectra reeulting irom inclusion complex formation between 
cycldheptaamyloae and a number of adenine nucieoddes. Mucleotidee 




230 240 250 260 270 2B0 290 

X 

FKL I. The interaction of cycloheptaamylose %ith varlovis adenosine 
monophosphates. tSC buffer (0.01 M Trie and 0.1 M KaCl, pH 7.6), 
0.01 M cycloheptaajnylose. All difference spectra are presented as the 
spectrum of the tree compound minus that of the complex. (Note: 
2* -3^ AMP la adenosine 2*^3' ^cyclic moiiophosphale,) 



>3: 



containing bases other than adenine gave no significant spectral changes 
on mixing with cycloheptaamyloee* Jpyrlmidlne bai^s are apparently 
too small to completely fill the cavity, while giianine, having one more 
group attached to the purine ring than adenine, is too largo. The 
position of the phosphate group in adenine nucleotides has a strong 
effect on the interaction. Cycloheptaamylose-adenine nucleotide 
complexes are most stable when the ionic phosphaie group remains in 
the aqueous environment outside the cycLodextrln cavity, This is re- 
flected in tfie greater spectral shifts seen with adeaosine -mono- 
phosphate (3' -AMP) aixl adenosine 5^-monopliospfcate (&'-AMP) as 
compared with the 2« -nucleotidee having the base iind phosphate on 
adjoining ribose caxixin atoms. 

The pH has a considerable influence on inclusion complex formation. 
Focusing on the titration curve for 3* AMP in Fig. 2, in the pH range 
from 7.6 to 9, 0» the phosphate group undergoes prctonation (pl£^ « 5.9) 
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FIG. 2. The effect of pU on cycloheptaamyloae interar^lon. 0*01 M 
W cycLoheptaamyloSe was UBe± All aolutiona cpntaumd 0. 1 M NaCI and 
0»01 M appropriate buffers. 



while below 5.0 the amino group of the adenine base is titrated (pK = 

a 

3,7). Both of theee protoDatlons affect the magnitude of the spectral 
ehajftge. Onr interpretation of this was that nentraUzatioii of the 
secondary phosphate lessened its solvation and wnakened the complex, 
whUe placing a positive charge on the amino grou)^ of the adenine ring 
greatly reduced its affinity for the cycloheptaamylose cavity. 

Once adenine reaidoes are polyinerliied> the nature of the inter- 
action of the bases with cydoheptaamylose is somewhat modified. In 
a polynucleotide such as poiy( adenylic add) {pol^ A), the ba^es are 
involved in base-stacking interactions which reduce their expoaura 
to cycloheptaamylose and also cause a reversal of the sign of the 
spectral change. This is illustrated in Fig. 3, which shows a compar- 
ison of the cydoheptaamylose-induced difference spectrum tji 5* -AMP 
with those for a series of polyadenylates from a chain length of two up 
to hundreds. The effect of chain length is seen to level off after the 
heptanucleotlde is reached. 

. With the above ^e of information as background, we attempted to 
analyze the cydoheptaamylose-induced difference spectra of several 
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FIG* 3, The effect of polymerisation of adenylic residues on cyclo* 
heptaamyloae interacUoiu TSC buffer, 0.01 M cyclodextrln; Iziaet ie 
chain length n va AEge^ for oUgoadanylic acBs, The ordinate of the 
inset is the same as for the overall f i^e. 



purified transfer ribonucleic acids. Figure 4 shows the difference 
spectra obtained vith three different tRNA> s undsr three different 
Ionic conditions. It is obvlons that the adenine baces in these tRXA* a 
are not readily accesGlble to cycloheptaaniyloset especially in the 
presence of magnesium ions, a requirement for the biolog;icai activity 
of tRNA. When these tRNA' s are hydrolyased to tlieir constttuent 
nucleotides however, the typical cydoheptaAmylose-AMF difference 
spectrum is again seen (Fli^ 9). 

In view of the reaulte described above, as well as many others, 
ivhich show that cyclodextrins possess considerable selectivity for 
guest molecules, it was apparent that stationary p.'iases containing 
cyclodextrins could be a valuable addition to presifnt liquid chroma- 
togr^ic practice* 

Since cyclodextrins contain large numbers of hydroscyl groups, they 
can be cross-Iinbed in alkaUne solution using such blfunctlonal re- 
agents as eplchlorohydrin. Solms and E^i [5] first reported the ap- 
plication of this method for the preparation of cyclodextrjn gels with 
selecUve retention properties. Wledenhof et aL ( 6] have developed an 
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FIG. 4. Comparison of the cycloheptaainylone difference spectra 
of tfiree tRNA' s uzkEer three ionic condlttons, TSC + Mg contained 

20 mM MgCl,. (-) Yea^t valine tRNA; ( ) JCscherichifi. coli 

pheziylalatiine tRNA; ( ) yeaet ar^nlne tRNA. 



emulsion polymerlzatloii process for the above reaction which yields 
bead-forni cydodaxtrin resins with attendant Ir^^provements In flow 
properties during coiunn chromatography. Such eptchlorohydrin^* 
cycloheptaamylose sals were therefore used In attempts to 
fractionate iniclelc acids and their constituents [7]. This Imresti^- 
tion was midertaken for two reasons. The first was a iiractlcal one; 
that was to provide another basis for fractionation to tliose interested 
' in nucleic acid chemistry. The second reason was to examine whether 
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Fia 5l CycIoheptaamyLoBe difference spectra of NaOH dJgeflted 
tRNA'B. The three tRKA samples were hydrolyzed iw a3 M NaQH 
at for le hr^ neutralized, and diluted ifito TSC tor speclrdl 
xDeaeurements. 



the condttlons for complex fomiatlon \)j cyclodextrln solutlois were 
the same as ttu»e for cyclodextrtn gals. 

Since all of the adenine nucleotides have the same molar extinction^ 
the magnitude of the spectral ehUts in Fig. 1 should be proportional to 
the degree of interaction with cydoheptaamyiose. NucleotldGS with 
large spectral changes should thus be retained etroAt^Oy by the cyclo^ 
heptaamyloee gel. Comparison of Figs. 6 and 1 shows that tills is so. 
If the liquid volume Is taken as the elation volume of CI", IVH« *i or 
H^O', It is evident that 5' -CMP is retalne<l only slltfitiy, then 3'-, 
5' -J and 3' -AMP as predicted from Fig. 1. 

The eltitlon pattern In Fig. 6 was obtatned at pH B.1. If the pH of 
the eluttng buffer was lowered to 3.0| no resolution was obtained. This 
is consistent with Uie epectral data in Fig. 2 which indicates Utile 
cycloheptaamylose-nucleotide interaction at pH 3.0. 

Temperature also has an effect on the elutlon of nucleotldafi afi 
demonstrated in Fig. 7, Panel a shows the elutlon pattern for the four 
major RNA-derlved 3*-micleotldes at 25^ C, while Panel b shows the 
hi^r retention evident at O^C. A more detailed stufly has established 
10'' C as a sufficiently low temperature to separate RNA hydrolysates 
for nucleotide ratio analyeia* 

The nesct two figures illustrate the effects of variations in the 
sugar portion of micleotldea or nucleoaides on binding; to cyclohepta- 
amyloBe gels* Figure 8 6howa the elution pattern (tf ;l mixture of 
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FIG* Gi. Chromatography of three adenosine raonophosphates and 
cytldlne 5* *- monophosphate on cycloheptaamyloso gel. Sample con- 
tained 0. 1 mg of each nucleotide in 0. 1 ml; a6 X 45 cm bed; 2. d ml/hr 
0.01 M Trld-HCly pH 811, at room temperature (25''C). 
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FIG. 7. Chromatography of the lour major RNA-de rived 3'- 
nucleotides on cycloheptaamyloae gel. Samples contain«d 0.1 mg 
of each nucleotide Id 0.1 ml; a6 x 45 cm bed; (a) 4.0 mXfia 0.01 M 
Trls-HCl, pH at room temperature; (b) 3.7 mlAr fiame buffer 
at O^C to 82 ml, then room temperature (25^0). 

adenosine 6* -monophosphate and 2' *'dooxyadeno{ilx>e 5' monophos^ 
phata. Ttia lass polar deoxynncleotide binds me^e strongly to the geL 
Figure 0 shows that a rather sObae varl;itlon in the stereochemistry 
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FIG, 6, Separatloin of ademtfliufi 5'-monophociphate froiQ deoxy* 
adenosine 6* -monoE^iofipbsde on cycloheptaaiAylose geL SjiDpLe ccm- 
talnad 0.1 mg of each nudottde In 0.1 ml; 0«6 x 45 cm bed; 4.6 ml/tur 
0.01 M Trls-HCl, pH 5.1, 20^C. 



25 
50 

100 
25 

50 

7B 

100 



'*^2'*-0— ni«thylotftnoiin« 

2 -O-iAethyl OMbinofurdno«ylad«n)n« 
i/O^^ 1 1 1 1 1 1 — 



— 3'-0-m«th]rld4lenosine 

5-0-mKthyl 
arabinofurdrtotylotfanln 



10 15 20 25 50 55 40 45 50 55 
ml 



FIG. a Chromatography of O-mdtbyl&deiioslnea and th^lr arablno5^ 
analogs. aT x 4.5 cm bed; 5,4 ml/hr 0.01 M Txis, pH 8.1, at room 
temperature (25^C). (a) 0.1 mg 2*-0-met^ladeiio£iiie plus 0,05 mg 
2^ -O-methylarabinoturanosyladeDlne In OlI ml. (b) 0.1 m? 3* -O- 
methyladenosine plus 0.04 mg 3'-0-methylarabinofuraiioayIadeniiie in 
al mL 



ci the sugar can lead to dramatic dUfere&eea in elutlon Iri»m the gel. The 
eplmeric compounds, 2* -O-roethyladeiioslae aivi 2> -CV methyl arabino- 
furanoflylBdeniiiep or the 3*-0-mQthyI nucleoeldes have quite different 
elution volumes. Id both caaea the arablnoae compounds bind much more 
etrongly than the rlbose. 

Oligonucleotidee containing adenine do not bind tightly to cycloheptaamy 
lose geUi although some fractionation can be obtained. Most recently cycle- 
heptaamylose gels containing anion exchange (dleth^^aroinoethyl) groups have 
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been prepared. These gels are quite useful in the separation of 
oligonucleotides and have also been used to fractionate tRNA* e. This 
combljiation of anion exchange and Inclusion-complexing ability ex- 
pands the fractionation procedures available for fj-agmente of RKA 
produced during base sequence analysis. 

Xn sumniary it appears that cyclodexlTln etaiionary pha^a can be 
of general use for the fractionation of compounds containing functional 
groups with varying affinities for the cyclodextrin cavity. Where 
these functional groups have readily measurable spectral properties, 
it may be possible to predict their chromatographic behavior on 
cyclodextrin gels by studying the difference apeeti^a obtained by mtxing 
with cydodextrin aolutions. 



REFERENCES 

[1] J. A. Thoma and L. Stewart, in Stfcrch: Chemistry and Technology 
(R- F. Whistler and E, F* Pasciiall, e<ifi.), Vol. 1, Acadelnlc^ 
New Yotk, 1965, p, 29a 

21 F. Cramer and H. HetUer, Naturyiasenachaiten, ^ 625 (1B67X 

3' J. L. Hoffman and R* M Bock, BiQChemistrv , 9, 5S42 (1970). 

4 J. A, Yankeelov, Jr., AnaL Bloc hem,. 5, 275'2Tl903). 

5' J. Soizns and R. B. Egll, Helv, Chlnu Acta, 1225 (1965). 

6 K Wledenhof, J, R Lammera, and C« Ij, vaji~PanthalaDn von 
Eck, Stacrke. 21, 119 (ld69X 
[7] J. L. Hoffman, 1Snal. Biochem, , S3, 209 (1970). 



Receiyed for publication January 29^ 1973 



PA(£t3ri3'RCVDAT3/2l/20l)5S:34:(l4PM[Eastem Standard riine]'SVR:USPT^^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



ii:|^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



IB BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




ES OR MARKS ON ORIGINAL DOCUMENT 



